Background: In spite of the high rate of overuse injuries in ballet dancers, no studies have investigated the prevalence of overuse injuries in professional dancers by providing specific diagnoses and details on the differences in the injuries sustained as a function of age and/or years of professional practice.
There are 2 kinds of injuries that affect the musculoskeletal system of both ballet dancers and athletes in general 31 :
traumatic injuries and nontraumatic or overuse injuries. Overuse injuries in ballet dancers can be a result of poor planning of training sessions or rehearsals, deficient technical execution, or frequent performance of repetitive movements without sufficient recovery time. 28, 30 Individual anatomic characteristics and exposure to different environmental conditions (footwear, surface) can also contribute to the onset of overuse injuries. In addition, dancers lack the physical conditioning required for the demanding practice schedule. Finally, eating disorders, which are not uncommon in female dancers, can contribute to the development of stress fractures. § Overuse injuries in dancers typically present as pain. Dancers sustaining these injuries often tend to underestimate their significance and frequently fail to allow for recovery from fatigue. 22 In ballet, the main etiologic factor leading to overuse injuries is the alteration of the biomechanical conditions of the exercise. 4 Development by the athlete of a good technique that is adapted to his or her biomechanical condition is one of the most effective ways of preventing these injuries. On the other hand, an insufficient or inadequate technique is likely to promote the occurrence of injuries.
There are sex-specific differences between male and female ballet dancers. Males are usually expected to meet tougher athletic requirements, whereas females tend to have more demanding technical requirements. Additionally, there are specific gestures typical of women (points, forced dehors) or men (portées, wider jumps), which might be a factor in the different injury profiles seen between the sexes. 17, 31 Regarding the difference between the ballet disciplines, 10, 12, 13, 18, 29, 32 it must be said that the most popular types in Spain are classical, contemporary, neoclassical, and Spanish ballet. In all of them, a thorough knowledge and flawless execution of the classical ballet technique are mandatory. Classical ballet is the most formal and technically demanding of the ballet styles. In contemporary ballet, movements are less rigidly formalized, with fewer rules and limitations. Neoclassical ballet constitutes a happy medium between the structured formality of classical ballet and the freedom of movement of contemporary ballet. Finally, Spanish ballet is a blend between classical ballet and Spanish folklore and is characterized, among other things, by highheeled shoes and profuse heel tapping in most performances. 31, 32 Although most professional dancers practice a major ballet discipline, it is not uncommon for dancers to cross over to another discipline during the season.
Considering that skill is usually acquired through experience, and that talent or an innate ability to perform a certain activity are not always present, it would seem logical that the prevalence of overuse injuries related to improvement of technique should be higher among younger professional dancers. These dancers would be expected to need more repetitions to achieve proficiency in their performance. As more dexterity is gained, the prevalence of overuse injuries should decrease. In contrast, the prevalence of overuse injuries related to joint mechanical overload arising from long-term exposure to the physical rather than technical requirements of any athletic activity should progressively increase as exposure to such requirements also increases with the years.
We are not aware of any epidemiological studies examining the effect of age and experience on the overuse injuries that professional dancers sustain. In this study, we hypothesized that younger and less experienced dancers in technical disciplines would sustain more frequent overuse injuries than older and more experienced performers. We also hypothesized that older dancers would accumulate more overuse injuries in the more athletic forms of dance. The purpose of this study was to investigate the prevalence of overuse injuries in professional ballet as a function of age and/or years of professional practice.
METHODS

Research Type, Population, Data Sources
This was a descriptive cross-sectional study performed between January 1, 2005, and October 10, 2010. Included in the study were dancers who were members of leading Spanish ballet companies who sustained injuries and who were diagnosed and treated at Trauma and Orthopaedic Surgery Service at Fremap in Madrid. Other inclusion criteria included coverage by an occupational disease and injury insurance policy issued by Fremap and being a dancer in at least one of the following disciplines: classical, neoclassical, contemporary, or Spanish dance.
The data for the study were obtained from the Trauma and Orthopaedic Surgery Service at Fremap, mutual insurance company number 61, for labor accidents and occupational illnesses in Madrid, to which the dancers' companies were associated. The diagnosis of an overuse injury was based on history, physical examination, and imaging studies.
Study Variables
Variables were classified into quantitative-age and years of professional practice; and qualitative-sex, company, ballet discipline practiced when the injury was sustained, etiology of the injury, injury site, affected tissue, and clinical diagnosis.
As the study of the injury was the dependent variable in this study, and taking into account that there were dancers who presented with several injuries, the values of the different parameters analyzed were obtained on the basis of the injuries recorded rather than the number of dancers studied.
Distribution of the Sample Into Groups
In order to assess the influence of age and/or years of professional practice on the occurrence of injuries, we divided the subjects into 3 age groups as follows:
Professional dancers aged 21 years or younger with little professional experience (mean years of professional experience: 2.5 years), referred to as junior professional dancers for the purposes of this study. Professional dancers aged between 22 and 31 years with more experience (mean years of professional experience: 7.83 years) than the previous group, referred to as intermediate professional dancers for the purposes of this study. Professional dancers aged 32 years or older with longer experience and more years of professional practice than the rest (mean years of professional experience: 16.19 years), referred to as senior professional dancers for the purposes of this study.
Considering that the population in these 3 groups underwent certain variations during the study period, the values of the different parameters were obtained on the basis of the number of injuries recorded rather than the number of dancers studied.
Statistical Analysis
Homogeneity or independence of qualitative variables was determined by means of the Pearson w 2 test and Fisher exact test. The linear relationship between 2 quantitative variables was determined using the Pearson correlation coefficient, whereas the nonlinear relationship was calculated by means of the Spearman rank correlation coefficient.
The comparison of means between 2 independent groups was carried out using either a Student t test or Welch t test, depending on the homogeneity or heterogeneity of variances (as determined by the Levene test) and by the Mann-Whitney U test if the data did not follow a normal distribution or when the samples were small.
When testing the different hypotheses, the null hypothesis was rejected if the associated P value was less than .05. If this was the case, it was considered that findings reached conventional statistical significance, ruling out the possibility that the differences observed might be due to pure coincidence.
Qualitative variables were characterized using frequency distributions and percentages. Quantitative variables were expressed as mean and standard deviation. We used an Excel database (Microsoft Inc) to process the data in the study. The statistical analysis was carried out using SPSS version 20.0 (IBM Corp). Table 1 shows the injury types of the study sample. Figure 1 shows the distribution of dancers by sex and age. Figure 2 shows the number of male and female dancers in each discipline. More than 75% of the injuries sustained by the dancers were the result of overuse. The prevalence of overuse injuries was 0.239 injuries per 1000 hours of dance.
RESULTS
The prevalence of overuse injuries was analyzed for each of our age groups (Figures 1 and 3 ). As expected, there was a strong correlation between age and years of professional practice (Table 2) . Overuse injuries were more common among the younger dancers, especially women. In men, the prevalence of overuse injuries was similar between junior and senior professional dancers. There was no statistically significant difference in the prevalence of overuse injuries based on either age or sex (Table 3) .
However, the prevalence of injury was significantly higher (P ¼ .01, w 2 test) among junior professionals who practiced classical ballet, senior dancers who practiced contemporary ballet and intermediate dancers who practiced neoclassical ballet, as compared with other disciplines by age group (Table 4) . Certain injuries (patellofemoral syndrome, os trigonum syndrome, second-metatarsal stress fracture, and snapping hip) were seen more frequently in junior professional dancers (P < .05) ( Tables 5 and 6 ). Figure 3 . Distribution of study participants and overuse injuries by age group.
Achilles tendinopathy was one of the conditions showing a similar prevalence across the different groups. Other conditions such as chondral injury of the knee or lumbar disc disease became more prevalent with increasing age and years of professional practice, with chondral injury of the knee being statistically more common (P ¼ .004, w 2 test) among senior dancers with respect to the other 2 age groups. Disc disease was significantly more common in intermediate dancers (P ¼ .004) ( Table 6) .
Sex-based differences were seen for some injuries. Second-metatarsal stress fracture, mechanical overload of the Lisfranc joint, hip joint injuries, and cervical muscle overuse injuries were statistically more common in females. Conversely, overload of the first metatarsophalangeal joint and rotator cuff tendinopathy were more commonly seen in men (Table 7) .
Regarding anatomic location by age group (Table 8) , ankle injuries were more frequent in junior professional dancers, spine ankle and foot in intermediate professional dancers, and spine hip and knee injuries in senior professional dancers.
DISCUSSION
The literature on ballet-related injuries is rather heterogeneous. Many studies do not provide specific diagnoses and either draw their conclusions from questionnaires or fail to contain a methodological description of the data collection process employed. 12 Other studies, 3, 7, 11, 17, 20, 25, 32 including the present one, rely on clinical history and physical examination to make a specific diagnosis.
We based our calculations on the number of injuries sustained rather on the number of dancers injured. It was common for dancers to experience more than 1 overuse injury during the time period of this study. This methodology has been used by previous studies. 3, 10, 17, 21, 32 We found that the majority of injuries in dance were overuse injuries. This is in agreement with previous studies 
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0.00 4.10 0.00 on ballet dancers. 2, 7, 12, 17, 21 However, we are aware of only 1 previous study that looked solely at professional dancers, and the data in that study were categorized by anatomic location rather than by specific diagnosis. 5 It is difficult to compare the injury rate in dancers with other professions, as there is no uniform methodology for measuring workplace exposure. 11 A previous study on injuries in dancers reported injury rates of 0.18 per 1000 hours in professional and 4.7 per 1000 hours in amateurs. 12 Nilsson et al 21 reported a rate of 0.6 injuries per 1000 hours of dance for a group of professional dancers with a mean age of 28.3 years. Gamboa et al 11 reported an injury rate of 0.77 injuries per 1000 hours of dance in adolescent dancers.
Our injury rate (0.239/1000 dance hours) was less than those previously reported because we did not include minor traumatic injuries, which were frequently seen in the other studies. Our long-standing experience of caring for professional dancers, and the realization that there exist differences between the types of injuries sustained by younger as compared with more senior dancers, prompted us to carry out this study to try to define those differences.
Our literature review did not identify any study that looked at the effect of age or years of training on the injury rates of professional dancers. We did find, however, 1 study on injuries sustained by amateurs that divided the sample into age groups. 17 We also found other reports that compared the findings of a series of studies on the injuries sustained by preprofessional dancers with those of studies on the injuries sustained by professionals. 6, 12 The available studies have conflicting conclusions, with some studies showing an increased rate of injury with more years of training 12 and others showing that younger, less experienced dancers have higher injury rates. 6, 33 Our study also showed that the highest prevalence of overuse injuries was observed in younger dancers, especially females.
Previous studies have shown a clear predisposition for certain injuries in certain age groups. Second-metatarsal stress fractures are more common in skeletally immature dancers, 1 and patellofemoral syndrome is also more common among younger dancers. 23, 26 We also found higher rates of second-metatarsal stress fracture, patellofemoral syndrome, and lateral snapping hip in junior professional dancers, especially in the more technical disciplines. In contrast, chondral injury of the knee and lumbar disc disease were more prevalent in senior dancers and in the more athletic disciplines.
It would therefore seem that while at a younger age it is the more technically demanding disciplines that favor the development of overuse injuries, in the more physically demanding disciplines, which generally allow a greater freedom of movement, most overuse injuries result from a mechanical overload that intensifies with the passage of time (Table 9) . 32 Also, the overuse injuries resulting from pathomechanic alteration were more common in women, who are usually subject to greater technical demands than men. Similarly, the injuries related to more physical demands were more common among men, who are usually subject to more athletic requirements. For example, second-metatarsal stress fractures are related to the use of pointe shoes in women, whereas rotator cuff pathology is connected to the performance of portées by men.
Limitations of this study include that it was carried out between the professional dancers of different ballet companies. Although these were the main companies in Spain, they practiced different ballet disciplines. There is a potential bias toward more proficient technical dancers in our older population. It is possible that younger dancers with bad mechanics have been "weeded out" because of poor technical performance. We believe that the higher injury rates in junior professional dancers may be related to the need for less technically accomplished dancers to perform more repetitions of each movement in practice in order to achieve their performance goals. The findings of this study could provide guidance to ballet schools in terms of the need to develop a series of preventive measures to minimize the occurrence of injuries in ballet dancers. 31 Nonetheless, these findings should be corroborated by further rigorous study.
CONCLUSION
The findings of this study were that overuse injuries were significantly the most prevalent among the professional dancers under study, especially among younger and younger female professionals practicing the more technical disciplines. Second, the most prevalent conditions in the more technical disciplines, such as classical ballet, were also the most common among younger dancers, with a tendency to decrease with increasing age. On the other hand, the most prevalent conditions in the more athletic disciplines, such as contemporary ballet, were also the most frequent among veteran professionals. Finally, we found that the most prevalent pathology among junior professional dancers was patellofemoral syndrome, especially in women, whereas Achilles tendinopathy was the most prevalent condition among dancers in the intermediate group. The highest prevalence of chondral injury of the knee was found among senior dancers.
